The increasing incidence and severity of *Clostridium difficile* infections (CDIs) reported since 2001 in the United States and Canada ([@ref1],[@ref2]) have been associated with the emergence of a hypervirulent ribotype 027 ([@ref2]). The first European CDI outbreaks caused by this strain of *C. difficile* occurred in the United Kingdom and Ireland in 2004 ([@ref3]) and were followed by spread of the ribotype from Western to Eastern Europe ([@ref4]). A decrease in ribotype 027 infections in the United Kingdom has been reported following implementation of effective hospital infection control programs for CDI ([@ref5]). The first confirmed cases of severe ribotype 027 CDI in Romania occurred in 2011. However, very few data regarding the *C. difficile* ribotypes in Romania are available, and most data have been obtained only from Bucharest and the surrounding area ([@ref6]). The present epidemiological survey aimed to evaluate the spread of CDI in patients admitted to selected hospitals throughout Romania and determine the epidemiology (prevalence and the circulating ribotypes) and the frequency of occurrence of severe CDI cases.

MATERIALS AND METHODS {#s2}
=====================

The study population included consecutive patients diagnosed with CDI and onset of symptoms between November 2013 and February 2014. The participating hospitals were located in the following six cities in different regions of Romania ([Figure 1](#f1){ref-type="fig"}): Bucharest (H1-H3), Cluj (H4-H5), Iasi (H6), Targu Mures (H7), Brasov (H8) and Timisoara (H9). Of the nine participating hospitals, seven are general hospitals; the others are specialized in infectious diseases (H1) and gastroenterology (H5), respectively. The study data were collected, anonymized, and provided by the National Institute for Public Health.

Definitions {#s2a}
-----------

**Diagnosis**

A confirmed CDI was defined according to the criteria of the European Society of Clinical Microbiology and Infectious Diseases ([@ref7]). As the sensitivity of toxin detection assays is variable, some cases were considered as "probable CDI" to avoid false negative results. Probable CDI included cases presenting with consistent risk factors and clinical manifestations, negative microbiological tests for CDI and for other etiologies, and a physician's recommendation for treatment of CDI.

***The origin of Clostridium difficile infections***

The origin of CDI as healthcare-associated (HA) CDI, community-acquired (CA) CDI, or indeterminate was established according to the criteria previously described by Cohen et al. ([@ref8]).

***Clinical and epidemiological data collection***

The following data were recorded for each patient: demographics, origin and outcome of CDI, and detection of CDI toxins and ribotype. Hospital prevalence rates were calculated per 10.000 patient-days.

***Microbiological testing***

CDI was diagnosed by detecting toxin A/B in fecal samples obtained from seven of the nine participating hospitals and by polymerase chain reaction (PCR) and/or toxin A/B detection in the other two. Stool samples were collected from the first 20 consecutive patients diagnosed with CDI and sent to the Cantacuzino National Institute for Research (NIR) for ribotyping and to the National Institute for Infectious Diseases (NIID) for real-time PCR identification and moxifloxacin susceptibility testing of *C. difficile*.

***Toxigenic culture of Clostridium difficile***

At the NIID and NIR, fecal samples were inoculated on the commercial medium CLO (BioMerieux, France) and a *C. difficile* selective agar and then incubated at 37 °C in an anaerobic atmosphere. The presumptive *C. difficile* colonies were subcultured on Columbia agar medium supplemented with 5% sheep blood (BioMerieux, France). *C. difficile* was identified with a Vitek 2 Compact System (BioMerieux, USA) followed by detection of toxins A/B with a *C. difficile* Test Kit (Biotec, Spain).

***Antimicrobial susceptibility testing***

The identified toxigenic strains were then tested at the NIID for moxifloxacin susceptibility using E-test strips (BioMerieux, USA). The European Committee on Antimicrobial Susceptibility Testing 2014 epidemiological cutoff of 4 µg/mL was used. Due to financial limitations, only the first 80 isolates were tested for moxifloxacin resistance.

***The detection of the genes encoding Clostridium difficile toxins***

Real-time PCR was used for detecting the C. difficile gene encoding toxin B directly from stool samples using the Xpert *C. difficile* assay (Cepheid, USA). The test also allows presumptive identification of strains of *C. difficile* 027 by detecting genes encoding binary toxin subunits A and B (*cdt*A, *cdt*B) and deletion 117 in the *tcd*C gene.

***Clostridium difficile polymerase chain reaction ribotyping***

Molecular typing of *C. difficile* isolates was performed at the NIR by PCR ribotyping in agarose gels, as previously described ([@ref9]). DNA was extracted from *C. difficile* strains using a Chelex resin kit (InstaGene matrix, Bio-Rad) and then used as a template for PCR amplification of 16S and 23S rRNA genes, as previously described ([@ref10]). The amplification products were visualized on high-resolution 3% MetaPhor agarose gels (Lonza, Rockland, ME, USA) stained with ethidium bromide. The resulting ribotype profiles were identified using a collection of *C. difficile* strains from the European Center for Disease Prevention and Control-Brazier library of reference ribotypes ([@ref11],[@ref12]).

Statistical analysis {#s2b}
--------------------

Categorical variables were reported as percentages, and differences between groups were assessed using Fisher's exact test. All statistical analyses were performed using SPSS 11.0 (SPSS Inc., Chicago, IL, USA). p\<0.05 was considered statistically significant.

RESULTS {#s3}
=======

Patients and *Clostridium difficile* infections diagnosis {#s3a}
---------------------------------------------------------

During the 4 months of the survey, 393 patients were diagnosed with CDI, among which 255 had a confirmed CDI and 138 had a probable CDI. The CDI diagnosis was confirmed at local laboratories by *C. difficile* toxin detection for 126 patients and by PCR detection of *C. difficile* toxin genes for 129 patients. The mean prevalence during the surveillance period was 5.19 CDI cases per 10.000 patient-days. The highest prevalence rates of CDI were observed in the two monospeciality hospitals, H5 (24.86 per 10.000 patient-days) and H1 (20.02 per 10.000 patient-days). At other hospitals, the prevalence rates ranged from 1.37 in H4 to 14 per 10.000 patient-days in H2 ([Table 1](#t1){ref-type="table"}). The proportion of patients aged \>65 years was 56% (220 cases), and the median age was 67 years (range: 2-94 years). Of the 393 CDI cases, 277 (70.5%) were HA-CDI, 40 (10.2%) were CA-CDI, and the remaining 76 (19.3%) were of indeterminate origin. Overall, HA-CDI cases were predominant in each hospital, but the HA-CDI/CA-CDI ratio ranged from 2.2 at H7 to 17.2 at H6. All but one of the 13 tested isolates from CA-CDI cases belonged to the PCR-027 ribotype and/or were binary toxin positive.

Molecular characterization of *Clostridium difficile* {#s3b}
-----------------------------------------------------

PCR for binary toxin gene detection was positive in 150 stool samples. PCR ribotyping was successful in 87 isolates, resulting in the identification of 11 distinct ribotypes. Ribotype 027 was present in 72 of the 87 ribotype-characterized isolates, representing 82.6% (95% CI: 73.6%-89%). The other ribotypes were 002 (four cases); 018 and 087 (three isolates each); 014 (two cases); and 001, 011, 012, 017, 020, and 106 (one isolate each). Overall, 118 of the 150 positive stool samples had the binary toxin gene, representing 78.7% (95% CI: 71.4%-84.5%). These isolates were predominant at each of the participating hospitals ranging from 69.2% to 100% ([Table 2](#t2){ref-type="table"}).

*Clostridium difficile* infections outcomes {#s3c}
-------------------------------------------

Forty-five patients (12.3%) with a reported outcome developed severe disease. Of those, 32 patients had a fatal outcome (crude mortality rate = 8.8%), seven patients (1.9%) recovered after intensive care, and the remaining six patients (1.6 %) survived after colectomy. The proportion of severe cases ranged between 5.9% at H8 and 25% at H2. The proportions of severe CDIs caused by ribotype 027 (15.4%) and non-027 ribotypes (18.5%) were similar (p=0.80).

Moxifloxacin resistance of *Clostridium difficile* isolates {#s3d}
-----------------------------------------------------------

The first 80 *C. difficile* isolates were tested for moxifloxacin susceptibility. The minimum inhibitory concentration (MIC) of moxifloxacin for 59 isolates (73.8%) was \>4 μg/mL; 54 of the 59 isolates were highly resistant to moxifloxacin (MIC ≥32 μg/mL). The proportion of moxifloxacin-resistant isolates was significantly higher in isolates identified as or presumed to be ribotype 027 (85.5%) than in other ribotypes (33.3%) (p\<0.0001), and 79.5% of the isolates with very high moxifloxacin resistance were 79.5% positive versus 27.8% with other ribotypes (Z score = 4.088, p\<0.0001).

DISCUSSION {#s4}
==========

The epidemiology of CDI has been predominantly investigated in developed countries; however, few data are available in less developed countries and are reported mainly via case reports or reports of isolated hospital outbreaks ([@ref13],[@ref14],[@ref15]). The incidence of ribotype 027 may be underevaluated in countries with limited resources owing to its recent emergence and/or limited availability of diagnostic testing. In the present survey, the estimated prevalence of CDI was lower than the European mean prevalence of seven cases/10.000 patient-days reported by the Euclid study ([@ref16]). The case density was higher in specialized hospitals (H1 and H5) where patients with diarrhea are usually admitted. Recurrent CDI cases were exclusively managed at these hospitals. However, our data indicated a significant circulation of ribotype 027 in Romania. The global incidence of CDI may be underevaluated. Recently, a point prevalence study conducted at 482 hospitals across 20 European countries reported a high rate (23%) of false negative diagnosis, owing to the limitations of the toxin detection assays ([@ref16]). Overall, the proportion of missed cases may be higher in areas with both a low sensitivity of toxin detection and a limited awareness of CDI among physicians involved in the management of patients with diarrhea ([@ref17]). The predominance of ribotype 027 has been repeatedly observed since 2011 in patients with CDI admitted to hospitals in Bucharest, the largest Romanian city ([@ref6],[@ref18]), but there is a lack of ribotype prevalence data from other areas of the country. Our results demonstrated that ribotype 027 is most probably predominant at the national level because \>75% of the tested *C. difficile* strains belonged to ribotype 027 and/or were binary toxin positive. There were no significant differences in the prevalence rates of ribotype 027 in any of the participating hospitals. Moreover, the emergence of this epidemic strain is consistent with the other clinical and epidemiological characteristics of CDI reported in this survey, i.e., nearly half the patients were aged \<65 years, community-acquired CDIs were reported, the prevalence rate of severe CDI cases and mortality were non-negligible. A study by Spina et al. ([@ref19]) found that the prevalence of CDI among patients with severe community-acquired diarrhea was higher in Romania than in other European countries. In the present study, nearly 80% of the ribotype 027 isolates were moxifloxacin resistant, which is consistent with the recently reported emergence of moxifloxacin resistance in ribotype 027 and several other ribotypes ([@ref20]). Our study has several limitations. First, the prevalence of CDI in the participating hospitals may have been underestimated due to the use of several toxin detection tests with variable sensitivity. Second, not all participating hospitals collected samples from the planned number of patients, which is why we included more than 20 patients from two participating hospitals. Third, our study was performed at tertiary-level hospitals, where patients may have a more severe illness than patients admitted to smaller hospitals. Consequently, the severity of CDI described in this study may be overestimated compared with that reported in nationwide data. Fourth, a probable diagnosis was frequent at all participating hospitals and may have an impact on the final results. However, the proportions of probable CDI in both HA-CDI and CA-CDI were similar, suggesting that the CDI analysis was not biased by the inclusion of patients with other etiologies among those with probable CA-CDI. Despite these limitations, the present survey provides important epidemiological data of CDI in Romania that confirms a clinically significant circulation of a highly moxifloxacin-resistant ribotype 027 at a national level. Therefore, preventive strategies including increased awareness should be considered to decrease the mortality and morbidity caused by CDI and healthcare costs associated with CDI. A National Surveillance System of CDI was launched in Romania in August 2014, a few months after completing the analysis of the data collected in this survey.
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